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INTRODUCTION

In the hypersonic shock tunnels, it is desirable to
eliminate all disturbances which tend to detract from the
uniformity of the flow. A reduction in the magnitude of these
flow disturbances would improve the reproducibility of the flow
in the test section. Presently, metal diaphragms are used at
the muzzle end of a straight-through shock tunnel. These
diaphragms require a pressure buildup in order to be opened.
This tends to reflect the incident shockwave, thus increasing
the disturbance in the shock tunnel flow.

The purpose of this investigation was to design and
develop a fast-acting valve which would improve flow conditions
and reduce costs compared to metal diaphragms. A sliding
shutter-type release mechanism was designed and tested. This
device was actuated by an explosive driver which was loaded
with various amounts of smokeless powder. The functioning of
the shutter was observed by using a high-speed camera to record
the motion. In the fastest operation, the shutter required
440 microseconds to uncover the 1-1/2-inch diameter bore. It
was concluded from the functioning time of the shutter that
the valve should be acceptable for evaluation in the 1-1/2-inch
shock tunnels.

The following points of interest were studied:

a. The sliding shutter mechanism - A study was made
of the parameters affecting the operation of the sliding shutter
including, among others, the mass of the shutter and the maximuff
force the mechanism would withstand.

b. The explosive driver - The design of the explosive
driver was made to incorporate the fastest functioning time
yielding optimum operating conditions for the sliding shutter.

c. The efficiency\ of the system - A study was made of
the operating parameters from the test data, and the efficiency
of the system was determined.

SHUTTER-TYPE RELEASE

This unit was designed so that a shutter slides in a
housing across a 1-1/2-inch diameter orifice. The shutter is
a rectangular piece of aluminum plate with a 1-1/2-inch diametez
hole in it. This shutter is positioned by a recess in the
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housing and is moved from closed to open position by an explosive
driver. A sectioned view of the assembly is shown in figure 1.
A view of the unit in its closed and open positijns is shown in
figure 2. Taken under consideration, in the design of the
shutter unit, were the deflection of the shutter while holding
the loading pressure, the shutter mass, and the compressive
strength required to withstand the expected acceleration and
deceleration without damaging the components.

EXPLOSIVE DRIVER

The explosive driver was designed from the Naval Ordnance
Laboratory WOX-10A Explosive Driver. This driver was modified
in the following ways:

a. The resistors, which are normally in parallel with
the two WOX-26A Actuators, were removed. This was to facilitate
the use of a low voltage power supply.

b. The capsule, normally loaded with one gram of
Unique Powder, was loaded with various weights of SR 4990
Smokeless Powder. The smokeless powder was chosen because it
has a shorter pressure rise time and would therefore be
expected to bring about a more rapid shutter motion.

c. The piston was increased from 1.3 inches to 2.6
inches in length to produce the necessary increase in
displacement.

d. Allowances were made in the design so that piston
over-travel would not affect the operation of the shutter or
damage other parts. The sudden stop of the driver piston at
the end of its travel produces extremely high forces which may
cause deformation.

e. The body was modified to accept the longer piston
and also to accept a shear pin. The sectional view of the
explosive driver in figure 3 indicates the arrangement of the
explosive components and associated parts. The two WOX-26A
Explosive Actuators were connected in parallel in the electrical
circuit to shorten the inherent delay time of any single actuator
and to gain reliability of functioning. The actuators were
placed in a manner so that each was directed toward the powder
capsule. Several weights of SR 4990 Smokeless Powder were used
in the capsules, depending on the tests involved.

2
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MONITORING EQUIPMENT

A block diagram of the test equipment is shown in
figure 4. In order to obtain displacement of the shutter
with respect to time, a rotating-mirror framing camera was
used to observe the movement of the shutter across the 1-1/2-
inch diameter orifice. To obtain the force exerted by the
explosive driver, a pressure measurement was required. A
pressure sensing device (ref.(1))which produces an electrical
signal was adapted, as shown in figure 3. The oscilloscope
trace of this signal was recorded on photographic film for the
purpose of calculating the system's efficiency.

RESULTS AND DATA REDUCTION

Various weights of smokeless powder were compared in order
to determine an optimum base charge in the driver. The
efficiency of the system was taken to be the ratio of work done
in moving the piston to the energy available in the powder.
The work was obtained by measuring the area under the force
displacement curve. The energy was taken to be the theoretical
impetus (ref. (2))(foot pounds per pound of propellant). The
preliminary test with 1/2-gram capsules of SR 4990 Smokeless
Powder showed the efficiency to be about 43 porcent, as shown
in Table I. It was decided that the shutter could be driven at
a greater velocity by increasing the force during the stroke.
This was accomplished by allowing an initial pressure buildup
through the use of shear pins placed through the driver body
and piston rod. A typical trace of the pressure produced by the
smokeless powder while pushing the driver piston under the load
of the shutter mechanism and the shear pin is shown in figure 5.
Several different diameters of shear pins were tried while
holding the shutter and piston weight constant (150 grams).
The results of six tests, as shown in Table I, indicate that
the efficiency could be increased to approximately 80 percent
by• proper serectiozi of base charge and shear pin diameter.
Also, it can be seen that the shutter velocity is increased
when a shear pin is used.

A typical sequence of high-speed photographs of the
shutter mechanism uncovering a 1-1/2-inch orifice is shown in
figure 6. The camera was operated at a speed that would give
a 40-microsecond spacing between frames. A plot of the opening
characteristics versus time for Test No. 5 is shown in figure 7.
In order to obtain a general indication of performance, the
values of peak pressure and shutter opening time are plotted in
figure 8. These six tests were conducted at 250 psi pressure
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differential. Preliminary tests performed at 500 psi indicate
that the shutter will operate satisfactorily in the higher
pressure differential.

CONCLUSIONS

During the limited number of tests conducted, this device
consistently operated within 640 microseconds. This is con-
sidered to be acceptable for evaluation in the 1-1/2-inch
diameter shock tunnel.

The best functioning time, as indicated from test perform-
ance, was found to be 440 microseconds with 250 psi differential
pressure. The explosive driver shutter-type mechanism functioned
satisfactorily up to the designed 500 psi differential pressure.

Increased performance and efficiency of this device was
obtained by using a holdback technique.

The demonstrated feasibility of this device indicates that
the next evaluation should be conducted in a shock tunnel.

The rapid opening time and the smooth continuous opening
produced by this mechanism suggests its usefulness in other
applications.

4



NOLTR 62-179

w

w

>-

WoW

w w
zC

PAG us



NOLTR 62-179

0 I 2 3 4 5 6 7 8
INCH-E5

SHUTTER CLOSED

INCHES

SHUTTER OPEN

FIGURE 2. SHUTTER ASSEMBLY IN CLOSED
AND OPEN POSITION.
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FIGURE 5. TYPICAL PRESSURE TRACE FROM
THE EXPLOSIVE DRIVER IN THE
SHUTTER ASSEMBLY.
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FIGURE 6. HIGH SPEED PHOTOGRAPHS OF SHUTTER OPENING.
PAGE I0



NOLTR 62-179

bL

z

w 0

w

w a-
0 0

-OD
wj w C)

0: 0

-IL

-0

o0 0

0 00 0 0 0 0 0 00 0
0D r ~- (0 If) V to N -

(Oo) ONIN~dO AO IN3Z01Jd

PAGE I I



NOLTR 62-179

0

0

I- D

LLI

ol I. 0 (L)
z z
U,
wU

0 0

C-)w Li

IC) U)
00

z _- j
0D Lii

U) zw
I- z

w L

U) a.

U)
Lii

0~

-00

it

0 00
0 0 0 0

CLo 0 0

(ISd) 38flSSUd Ul3AING XVIVl

PAG E 12



UNCLASS IFIlED

NOLTR 62-179

'0 0 LAQo 0 0O 0
r ~ 0 WA

0 0 0 0'm N 0
C1 0 0 o %otn -

LA 0

0 00 0 q0te'0
NA '0 %.0 as

E-4 m
H 0)

ko ino 0 $-40
LDa 0 .O.1-4

LA 0 C' %D H-
0 no *%0t M0

E*4 NU).o Ln M - ý
0W0 0 0

'0 0 AOn 0 5 N
A .0 (N U1 -4

E40 z c- t

00

H ' (JH $4
0n 444L

0~

4) 4

-W

-,4 Nr 4)

w) >4 ) U)..4
E- > 4) 4JU

a4 E' 4 0 ) 4 4NNd 0

V & 0 ) D 40 )P
4J -4 ON )U 4) .4M0 .0

:3 0 004 W ) OW U N4 3:Cf

x 444.9

13
UNCLASSIFIED



NOLTR 62-179

DISTRIBUTION

Copies

Chief, Bureau of Naval Weapons
Department of the Navy
Washington 25, D. C.

RMMO 1
RMGA 1
RRMA 1
DIS-32 2
RRRE-5 1
RUME-32 1

Director, Special Projects Office
Department of the Navy
Washington 25, D. C.

SP-20 4
SP-27 2
SP-272 1

Chief, Bureau of Ships
Department of the Navy
Washington 25, D. C. 1

Superintendent
Naval Post Graduate School
Monterey, California 1

Office of Naval Research
Room 2709 T-3
Washington 25, D. C.

Head, Mechanics Br. 1

Commander
U. S. Naval Ordnance Test Station
China Lake, California

Technical Library 2

Director
Naval Research Laboratory
Washington 25, D. C.

Code 2027 1
Mr. Edward Chapin, Code 6310 1

Director
David Taylor Model Basin
Washington 7, D. C.

Library 1
Weapons Laboratory 1



NOLTR 62-179

Copies
Commander, Naval Air Development Center
Johnsville, Pennsylvania 1

Commander
U. S. Naval Weapons Laboratory
Dahlgren, Virginia

Library 1

Commander
Pacific Missile Range
Point Mugu, California

Technical Library 1

Commanding Officer
U. S. Naval Weapons Station
Yorktown, Virginia

R&D Division 2

Commanding Officer
U. S. Naval Ordnance Laboratory
Corona, California

Library 1

Commanding Officer
U. S. Naval Propellant Plant
Indian Head, Maryland

Technical Library 1
EODTC 1

Commanding Officer
Office of Naval Research
Branch Office, Box 39, Navy 100
Fleet Post Office, New York, N. Y. 5

Office, Chief of Ordnance
Department of the Army
Washington 25, D. C.

ORDTU. 1

Commanding General
Army Rocket & Missile Agency
Redstone Arsenal, Huntsville, Alabama

Mr. John Morrow 1

Commanding Officer
Picatinny Arsenal
Dover, New Jersey

ORDBB-TH8 1



NOLTR 62-179

Copies

Commanding Officer
Diamond Ordnance Fuze Laboratory
Connecticut & Van Ness St., N. W.
Washington 25, D. C.

Library 1

Commanding Officer
Office of Ordnance Research
Box CM
Duke Station
Durham, North Carolina 1

Commanding Officer
Engineer Research and Development Laboratory
U. S. Army
Ft. Belvoir, Virginia 1

Commanding General
Aberdeen Proving Ground, Md.

Technical Information Branch 1
Ballistics Research Laboratories 1

Commander
Wright Air Development Center
Wright-Patterson Air ForceBase, Ohio

WCOSI-3 2
WCLSW-5 1
WCRRD 3

APGC (PGTRI, Tech. Lib)
Eglin Air Force Base, Florida 1

Commanding General
Arnold Engineering Development Center
Tullahoma, Tennessee

Technical Library 1
AEKS 5

Office of the Assistant
Secretary of Defense (R&D)
Room 3 E1041, The Pentagon
Washington 25, D. C.

Technical Library 1

Research and Development Board
Room 3 D1041, The Pentagon
Washington 25, D. C.

Library 2

3



NOLTR 62-179

Copies
Sandia Corporation
P. 0. Box 969
Livermore, California 1

Sandia Corporation
P. 0. Box 5400
Albuquerque, New Mexico 1

Institute for Defense Analysis
Advanced Research Projects Agency
Washington 25, D. C.

Mr. W. G. May, General Sciences Branch 1

U. S. Atomic Energy Commission
P. 0. Box 62
Oak Ridge, Tennessee

TRI:NLP:ATD:l0-7 1

National Bureau of Standards
Washington 25, D. C.

Dr. Galen B. Schubauer 1

Aerojýet-General Corporation
Ordnance Division
Downey, California

Dr. Louis Zernow 1
Contract Nord 16881

Allegheny Ballistics Laboratory
Cumberland, Maryland 1

E. I. duPont deNemours
Eastern Laboratories
Explosives Department
Gibbstown, New Jersey

Dr. L. Coursen

Lockheed Aircraft Corp.
Missiles and Space Div.
P. 0. Box 504
Sunnyvale, California

Dr. L. H. Wilson

4



NOLTR 62-179

Copies

Director of Intelligence
Headquarters, USAF
Washington 25, D. C.

AFOIN-3B 1

Office of Technical Services
Department of Commerce
Washington 25, D. C. 100

Director
Applied Physics Laboratory
Johns Hopkins University
8621 Georgia Avenue
Silver Spring, Md.

Tech. Reports Group 2
Dr. D. Fox 1
Dr. Freeman Hill 1
Dr. L. L. Cronvich 1
Librarian 1
Solid Propellant Agency 1

Atomic Energy Commission

Engineering Development Branch
Division of Reactor Development
Headquarters, US AEC
Washington 25, D. C.

Mr. J. M. Simmons 1
Mr. M. J. Whitman 1
Mr. J. Conners 1

Director
U. S. Bureau of Mines
Division of Explosive Technology
4800 Forbes Street
Pittsburgh 13, Pennsylvania

Dr. R. W. Van Dolah 1

Chief
Defense Atomic Support Agency
Washington 25, D. C.

Document Library 1

ASTIA
Arlington Hall Station
Arlington 12, Virginia

TIPDR 10

5



NOLTR 62-179

Copies
National Aeronautics and Space Adm.
1520 H Street, N. W.
Washington, D. C. 5

NASA
Lewis Research Center
21000 Brookpart Road
Cleveland, Ohio

Chief, Propulsion Aerodynamics Div. 1
Mr. George Mandel, Chief, Library 2

NASA
Ames Research Center
Moffett Field, California

Librarian 1
A. G. Boissevain

NASA
George C. Marshall Space Flight Center
Huntsville, Alabama

M-S&M-PT (Mr. H. A. Connell) 5
Dr. W. R. Lucas (M-SFM-M) 1
Dr. Ernst Geissler 1

NASA
Langley Research Center
Langley Field, Virginia

Librarian 1
C. H. McLellan 1
J. J. Stack 1
Adolf Busemann 1
Rodger W. Peters (Structures Res. Div.) 1
Russell Hopko, PARD 1

NASA
High-Speed Flight Station
Edwards Field, California

W. C. Williams 1

University of California
Lawrence Radiation Laboratory
P. 0. Box 808
Livermore, California

Mr. W. M. Wells, Propulsion Div. 1
Mr. Carl Kline 1

Director
Los Alamos Scientific Laboratory
P. 0. Box 1663
Los Alamos, New Mexico

Dr. Donald F. McMillian, N-l Group Leader6



NOLTR 62-179

Copies

Lockheed Aircraft Corp.
Research Laboratory
Palo Alto, California

W. Griffith 1
Via: BUWEPSREP
P. 0. Box 504
Sunnyvale, Calif.

SpL-314 1

University of Utah
Salt Lake City, Utah

Dr. Melvin Cook, Explosive Research Group 1

Cornell Aeronautical Laboratory
4455 Genesee Street
Buffalo, New York

Dr. Gordon Hall 1

Defense Metals Information Center
Battelle Memorial Institute-
505 King Avenue
Columbus 1, Ohio 1

United Aircraft Corporation
Research Laboratories
East Hartford 8, Connecticut

Mr. H. J. Charette 1
Mr. H. Taylor 1

Kaman Aircraft Corporation
Nuclear Division
Colorado Springs, Colorado

Dr. A. P. Bridges 1

Jet Propulsion Laboratory
4800 Oak Grove Drive
Pasadena 3, California

I. R. Kowlan, Chief, Reports Group 1
Dr. L. Jaffee 2

General Applied Sciences Laboratories, Inc.
Merrick and Stewart Avenues
East Meadow, New York

Mr. Robert Byrne 1

7



NOLTR 62-179

Copies

Polytechnic Institute of Brooklyn
527 Atlantic Avenue
Freeport, New York

Dr. Paul A. Libby 1
Via: Commanding Officer
Office of Naval Research Branch Office
346 Broadway
New York 13, New York

Oak Ridge National Laboratory
P. 0. Box E
Oak Ridge, Tennessee

Mr. W. D. Manly

Aerospace Corporation
El Segundo, California

Dr. Bi tondo1

General Electric Research Laboratory
3198 Chestnut Street
Philadelphia, Pennsylvania

Dr. Leo Steg 1

Stanford Research Institute
Poulter Laboratories
Menlo Park, California 1

Armour Research Foundation
Technology Center
Illinois Institute of Technology
10 West 35th Street
Chicago 16, Illinois 1

AVCO Manufacturing Corporation
Research and Advanced Development Division
201 Lowell Street
Wilmington, Massachusetts

Mr. J. P. Wamser 1

AVCO Manufacturing Corporation
Everett, Massachusetts

Dr. Kantrowitz 1

General Electric Company
Space Vehicle and Missiles Department
21 South 12th Street
Philadelphia, Pennsylvania

Dr. J. Stewart 1
Dr. Otto Klima 1
Mr. E. J. Nolan 1
Mr. L. MCCreight 1



NOLTR 62-179

Copies

Ballistic Research Laboratories
Aberdeen Proving Ground, Maryland

W. K. Rogers, Jr., Chief 1
Transonic Range Facility

ARO, Inc.
von Karman Gas Dynamics Facility
Arnold Engineering Development Center
Arnold Air Force Station, Tennessee

J. Lukasiewicz, Chief, VKF 1

U. S. Naval Research Laboratory
Washington 25, D. C.

H. F. Swift, Impact Damage Section 1

McDonnell Aircraft Co.
Box 516
St. Louis 66, Mo.

Dr. Morey Schimmel 1
Dept. 331

9



w uJ
0 0

0I a JL-

'0

U)

z U)~ E-i E-~
- 0 u ~ .) 0

I-. u U

Zi a. - u,

2 JO Z Z~ -K

0j _jJ 0MU a 0  0 20D 0 0

W < 0

o r - j L
Jo0 C'. u -U COJ

z r 0 @!2

< 0

u 0 CO E

D 0 cu ~

Li0 0

4Z

4J
M a ý
0L 0 0 0

z ~ Z r-r-4

ata

4) O

LL 0
0 C)UC

Lii.4

0 4-4r0 ) H4iC
IU frri H f 3 )

w 0.



12 4, 4, r 0
4& 0 4-1 .43 40 4A y Ol'y mv boa) v C C d;

it' , r' 
t) Lr 0 MG p 0 -1 4 43

-Ov C. 4) c c ce C 42 W.
0 c e 0 043 

ýCý al-H 0 'ýdll 4;
11 -' 

r 0ý 4)-4 A 'r. & 4 0 ýa v 1:05 v roW rý En m Cf) P P4 cn P. to Fý rr 12) 64 F. >

fm C I)1 140- 1 E '-P, 4-P C4 =0 Z I r4 1,0 el `M43 43

4,1 ri) 4) 0 00 r- 04) 0 0 4D 0 4) 4ý -V 43 0 -4 4-20 43 -e W '0 +P 0 -4 0 ý'pr 4D 4 -.C r-
CZ r.0 0 d 0 :1 0 06 En bo E, U 4> g 41, 4-c C') to [ý 4ý .0

.0 Pý. -C :3 ?; " rv >ý F
10 S P'V 0 'c "ýgq 9, : ... 4 43 - do c -P 04b- d- t) C 42 4) 

M fid *-4 rCl ao
C Jr. 14 ro a)

cf) ý4 Cýj 4-1 '1 1 V e s V 1 0rl 0 Co OW 0 r-4 Z C* (\j 4.1

k r-4 k-4ý4 V. * r' I' w41 Cd 0 1ry.) M 0' M In.'r LO
El, >,- 0 - r-4 0 0 c43 to ph'4 0 4ý 0 0 r. .0d,go 0 C,

In J,cx 0 0 $ý d W 0
C,

to P. p
41 0 1-4 0 p -4 f-I I tlH 91,4 0 -H -4 CI IV 0

0 ;X; so 4> .0 14 c -4 wp-, 0 d ý P $ý E 40L1.14 $.. lmý P. V)
-ti 4 Cc 2 S

c U o- 0 4m w 004.. r-4.,4 T H-4 4. W 410 X "4 41 0 r
-P :1 m,

NJ 9 $' 0 X C> -4 c 0 0", o-
id ý ';ý 42 cc 0d 42) 401) cc 0-4 c rl)- EV)IIRýE al

0 4J 4j 0 43'C +* 
0

4a 4A i43 44 -42 4A
1ý 0 0 0 -SC ' y be 0 eO 4) '4) v 4;.ýd %e C y se c W 4) 0 0 d C W -H 1-4 434D r- 4;

dt" 0old 42 0 V) cf) F-4ra -) gl.

0 14 1. 413 4-' 4 q I-f
-4 to 4) M4.'4 11"P 4ý H43 1 . " 0 00 00 es vow 4) 4ý -te U) T% 4ý 0 4s4a -ýK cn .0 +9 ýf 0 ILI 4:3 43

W
C to, to

Pý. F
4.14-, -C 4' 

'vvcot -. 4m 4-1
4ý

.14 IV -I-, w4

ý10 04
etz En Od, 4-

42 1. 00 d
d G'm

Pr.. n. F
00 0 r. 14 If. 0 0 00.4%4 1 0,-4d 001-4 D In -4 -H 0 0-4.H 0 0 IV goo p '0 ".g E '-4 -W

d E IPw 0 4D J:ý
ve w4 d ý V9.0.9 0 4- 0 0 4--8 roll a "m " '0 , 0. 1 r: ? 0) 0 014. OHO

ON o 0%. 1.0 0 -H4-0 4846 
4;"4 "1 43

43- ý4 4 4) 1 41
d IV

cn -01


